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(3) Scanning device. 

@ A sensing device senses a contour (3a) of a 
model (3) and generates, in response to the 
sensing, a representation (i1). The represen- 
tation is used to control tool equipment for 
producing, for example, dental implants, sup- 
port members, etc. or tools for producing such 
implants, members, etc. The representation (i1) 
is fed to computer equipment (23) which gener- 
ates a signal array (i13). This latter effectuates 
or is included in the control of the tool equip- 
ment. The signal array (i13) is selected or com- 
pressed so that it will be sufficient to enable the 
tool equipment to perform with its expected 
degree of accuracy/tolerance in production. 
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TECHNICAL FIELD 

The present invention relates to a device for gen- 
erating, by means of a scanning function applied to a 
scannable contour on a model, a representation 
which may be used for controlling a tool which oper- 
ates with a high degree of precision in connection 
with the production of a body, or a tool for such a 
body, which is to be implanted in a human being. As 
examples of such bodies, mention may be made of 
dental implants, support members, etc. The model 
preferably consists of a three-dimensional model. 

BACKGROUND ART 

It is known in the art, in the production of replace- 
ment parts, support members etc. in the human body, 
to utilize a copy milling cutter in which a model is ap- 
plied in the cutter and is sensed and in response to 
the sensing a tool processes a blank in order to pro- 
duce from the blank a body or a tool part with the 
same shape as the model. 

Our Swedish patent application No. 9003967-8 
describes a system in which the sensing or scanning 
of the model is separate from the processing equip- 
ment and control signals for the latter are generated 
with the aid of computer equipment 

SUMMARY OF THE INVENTION 

TECHNICAL PROBLEM 

The use of copy milling cutters has its limitations 
in respect of production speed. Moreover, there is an 
additional disadvantage in that the read-off function 
and processing function must be located in the same 
premises. The appearance of the model is strictly 
linked to the structure of the copy milling cutter, which 
means that variations and additions to the shape of 
the model in question, enlargements of the contours 
etc. cannot be put into effect with the desired freedom 
of choice. 

In connection with equipment in which it is de- 
sired that the sensing and processing functions be lo- 
cated in different premises, it is a matter of urgency 
that an expedient read-off function and processing of 
the thus obtained representation may be put into ef- 
fect The representation and the control must be ca- 
pable of co-ordination so that unambiguous scanning 
and sensing can be adapted to an optimum or to the 
greatest possible extent minimized control signal 
function. 

The quantity of read-off data/information should 
be kept to a minimum so that the processing and se- 
lection functions in the computer equipment may be 
simplified/reduced while retaining the accuracy of 
control. The scanning and sensing principles and stor- 
age function in the data processing equipment are 



therefore of crucial importance In this context. 

In the case when a telecommmunications me- 
dium (e.g. communication via the public telephone 
network) is to be employed to transmit information 

5 from one place to another, it is vital that the quantity 
of requisite control signals can be reduced. In addition 
to operating with small scanning and processing 
quantities, it may be relevant to extract by means of 
data processing equipment characteristic parts of the 

10 read-off information and to transmit these character- 
istic parts via the medium, and also reconstruct rep- 
licas on the reception side with the aid of the above- 
mentioned characteristic parts so that sufficient con- 
trol signals for the accurate control of the tool equip- 

15 ment can be obtained. 

In the scanning and sensing function with contact 
devices/ sensing signals, it is also essential for the 
shape of the organ in the part co-operating with the 
contour to be put in relation to the shape of that part 

20 of the tool by means of which a blank is processed. 
An optimum relationship leads to significantly re- 
duced read-off and processing information. 

It is also esssential for the sensing and control 
functions to be related to one another without the 

25 quantity of processed data or information growing in 
the data processing equipment A relationship be- 
tween read-in and read-out of information entered in 
the computer must also be established in such a man- 
ner that, for example, the read-off function will be 

30 separated from the read-in function so that the con- 
trol generation causes the processing function to be 
carried out more quickly than the read-out function. 

In one embodiment, the present invention will 
comprise a contour sensing portion interactable with 

35 the contour and having a curved surface which may 
be brought into abutment against the surface of the 
contour. The dimensions of the curved area, e.g. a 
spherical area, are to be put into relation with the de- 
tails of the contour so that a reduced sensing degree 

40 (resolution) is obtained. 

The tool equipment must, for example in the pro- 
duction of dental implants, bridges, etc., be capable 
of working to a degree of accuracy/tolerance of one 
or a few hundredths of a millimetre (e.g. 0.01-0.09 

45 mm). The resolution on scanning may in one embodi- 
ment (e.g. scanning by laser) be appreciably greater, 
e.g. one or a few thousandths of a millimetre. 

SOLUTION 

50 

One object of the present invention is int. al. to 
solve the above-outlined problem structure and that 
which may then substantially be considered as char- 
acterizing the novel apparatus according to the pres- 
55 ent invention is that the representation may be en- 
tered into computer equipment which generates a sig- 
nal array that effectuates or is included in the control 
of the tool equipment, and that the sensing and/or a 
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selection function effectuated by the computer equip- 
ment of the representation is or are selected so as to 
ensure an order of magnitude of the signal array 
which, from the sufficiency viewpoint, satisfies the 
degree of accuracy with which it is expected that the 5 
tool equipment will perform. 

In one embodiment, the sensing function oper- 
ates with a first member co-operating with the con- 
tour, e.g. a needle. In its portion co-operating with the 
contour, the member displays a first form which sub- 10 
stantially corresponds to a second form of a second 
member which is included in the tool equipment and 
which interacts, with a portion carrying the second 
form, with a blank in the production process. The said 
portion may consist of a milling cutter. In one embodi- 1 5 
ment, said first and second forms are substantially 
spherical. In addition, the sensing function and the 
processing function of the tool equipment are mutu- 
ally co-ordinated so that a linear transmission func- 
tion arises. The sensing function and the processing 20 
function may then operate at different speeds. It is 
thus of interest in this art that the speed of the proc- 
essing function may exceed the sensing function. 

The computer equipment is preferably designed 
with memory means in which the representation or in- 25 
formation of significance for the representation is 
stored. The memory may, for instance, consist of a 
magnetic internal or primary memory of the RAM 
type. In that case when information is to be stored, a 
secondary memory may also be employed. As exam- 30 
pie of a secondary memory, mention may be made of 
a memory of the permanent magnet type. The read- 
in function of the Information is then preferably sepa- 
rated from its read-out function so that, for example, 
control signal generation may be carried out more 35 
rapidly than the read-in of the representation. 

In one embodiment, the sensing function takes 
place on models of soft or brittle material, for example 
plaster. With the aid of the tool equipment, bodies or 
tool parts may be made completely or partly of hard, 40 
soft or brittle material. 

In one embodiment, compression takes place in 
the computer equipment of first information referable 
to the representation on the formation of second in- 
formation referable to control of the tool equipment. 45 
The first and/or second Information may be stored in 
storage devices on delayed transmission of the con- 
trol information, e.g. via a telecommunications me- 
dium (for example the public telephone network). The 
storage devices may then be designed with a capaci- so 
ty which entails storage of the information from sens- 
ing of one or more contours. In one embodiment, the 
storage devices have a capacity of at least 2-3 meg- 
abyte. 

In one embodiment, the sensing function is car- 55 
ried out during rotation of the model with simultane- 
ous mutual relative displacement between the model 
and a sensing device. The sensing function is execut- 



ed a large number of times per revolution, e.g. 360 
times per revolution. The relative displacement may 
be selected to be approx. 0.1 mm/revolution. Only 
characteristic parts of the representation and/or con- 
trol can, in one embodiment, be transmitted on the 
employed telecommunications medium. A replica of 
the control/control signals is generated at a reception 
point with the aid of the characteristic parts. 

The present invention also utilizes known math- 
ematical principles in the compression function. 

ADVANTAGES 

As a result of the proposals disclosed in the fore- 
going, a considerable reduction may be achieved in 
the quantity of information which is obtained in the 
sensing function. The capacity and space on the com- 
puter equipment may then be kept to a minimum, at 
the same time as transmission via the relevant link is 
simplified/shortened in terms of time. The sensing 
and control signal-generating functions may be kept 
separated and processed independently of each 
other. A plurality of sensing stations may be connect- 
ed to the same computer equipment and similarly a 
plurality of sensing and computer equipment units 
may be connected to one and the same tool equip- 
ment via the same or different connections. The infor- 
mation quantities may be reduced substantially, 
which gives short processing times in the computer 
equipment and transmission of a relatively small 
quantity of control information. The proposed princi- 
ples also afford the possibility of so-called contact- 
free sensing in which the sensing function more ex- 
actly and in greater detail senses the contour in ques- 
tion. The representation obtained from the sensing 
function can be reduced/compressed in the computer 
equipment with the aid of the above-mentioned se- 
lection function. As a result of the proposed spherical 
shape of the abutment portion of the sensing device 
against the contour, sensing of soft and/or brittle 
models can be carried out. In that the shapes of the 
sensing and processing device are designed to be 
substantially identical, complicated calculated func- 
tions referable to the actual and sensed contourof the 
model in question are eliminated. As a result of the 
proposed structure, the processing capacity in the 
computer equipment may be reduced by one third 
and savings of the space/volume of the computer 
equipment may be reduced by up to one fifth. 

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS 

One currently proposed embodiment of an appa- 
ratus which displays the characteristics significative 
of the present Invention will be described in greater 
detail hereinbelow, with particular reference to the 
accompanying Drawings. In the accompanying Draw- 
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ings: 



Fig. 1 shows In block diagram form the structure 
of the sensing device with computer equipment 
(PC), programmable input and output circuits, 
control unit for signal emission and signal sensing 5 
units in which the signal emitting unit controls a 
model carrying unit so that this moves in relation 
to a sensing unit that emits signals to the above- 
mentioned signal sensing unit; 
Fig. 2 shows, on a larger scale and from the side, 10 
how a sensing portion in a sensing unit interacts 
with the contour of a model; 
Fig. 3 shows from the side how a blank is proc- 
essed by means of a tool equipment part, by 
means of which the contour in Fig. 2 is produced 15 
from the blank on reduced, equal or enlarged 
form; 

Fig. 4 shows on a larger scale the interaction be- 
tween the sensing portion and the contour of the 
model; and 20 
Fig. 5 shows in table form how the sensing pro- 
ceeds in the embodiment according to Fig. 4. 



DETAILED DESCRIPTION OF EMBODIMENT 



25 



Referring to the Drawings, in Fig. 1 a read-off de- 
vice is given reference No. 1 and comprises int. al. a 
mechanical unit 2 on which a model 3 may be secured 
on a rotatable device 4. In addition to being rotatable 
in the direction of the arrows of rotation 5 (counter- 30 
clockwise and clockwise) about an axis of rotation 6 
by means of a motor 7, the device 4 and the drive mo- 
tor 7 are longitudinally displaceably disposed in the 
directions 8 of the axis 6. By this means, the model 
3 wili also be longitudinally displaceably disposed in 35 
said directions 8. The longitudinal displacements are 
realized by means of a motor 9. A sensing unit 10 
which is fixedly disposed in relation to the model is 
provided with a device 11 which may be resiliently 
brought into contact against the contour 3a of the 40 
model 3. When the model is turned and displaced in 
relation to the unit 10 and the device 11 in connection 
with the activations of the motors 7 and 9, there will 
be received from the output of the unit 1 0 a represen- 
tation in response to sensing by the device 11 of the 45 
contour 3a, the representation being in the form of 
one or more electric signals 11. The latter signal or sig- 
nals are processed in a signal processing unit 12. 
Processing in the unit 12 entails that the representa- 
tion i1 is sampled and that digital signals i2 are ob- so 
tained from the output 12a of the unit 12 in response 
to the samplings. The digital signals can be transmit- 
ted on a bus connection for parallel transmission of 1 6 
bits. The unit 12 is, via the bus connection, connected 
to a control unit 14. The above-mentioned motors 7, 55 
9 are controlled by means of a combined unit 15 for 
driving, speed adjustment and positioning of the mo- 
tors. The control functions for the motors operate with 



feedback function and the control and feedback con- 
ductors are indicated by reference numerals 16, 17; 
and 18, 19, respectively, and the set and actual value 
signals are indicated by 13, 14; and i5, i6, respectively. 
The unit 15 is connected via inputs and outputs 15a 
to the control unit 14. The connection is designed as 
an additional bus connection 20 for 16-bits parallel 
transmission. The control unit comprises first and 
second units 14a and 14b which serve units 12 and 
15 respectively. Control of the motors 7 and 9 is re- 
lated to the sensing and the representation 11 for this. 

The sensing device includes a programmable in- 
terface 21 with read-in and read-out devices which 
are connected to the control unit 14 via a bus connec- 
tion 22 for 24-bits parallel transmission. A data proc- 
essing equipment, e.g. a PC 23, is connected to the 
read-in and read-out devices 21 via a bus connection, 
e.g. an AT bus connection. The PC may be of type AT- 
286 which includes one or more magnetic internal 
memories 25 or primary memories of the RAM type. 
The computer 23 is also fitted with a secondary mem- 
ory 26, 27 of the permanent magnet type. A memory 
26 may consist of a hard disk and a memory 27 of a 
floppy disk. 

The signals on the bus connection 20 are shown 
with reference numeral I7 t on the bus connection 22 
with i8 and on the bus connection with i9. The com- 
puter 23 is connected to or provided with a data com- 
munication port 28 via which the control/representa- 
tion information may be entered into and retrieved 
from the read-off device via an input and output 28a 
to and from another data processing equipment or 
data communication (not shown). Moreover, the com- 
puter 23 is connected to a modem 29 via which the 
computer may be connected to a telecommunication 
connection 30 in a telecommunications network, for 
example the public telephone network. Information to 
and from the connection 30 via the modem 29 is in- 
dicated by reference numerals i1 2 and i1 3 respective- 
ly. 

The software which is employed in the computer 
may be of per se known type. In the present case, the 
following are employed: 
User program 

Program for text and calibration 
Program for file handling 
Program for data compression 
Program for data communication 
Program for automatic call up/transmission via the 
modem on the telecommunications network, sin- 
gle/multiple file program. 

Fig. 2 shows the device 11' sensing the contour 
3a' of the model magnified in relation to Fig. 1. The 
resilient abutment of the device 11' against the con- 
tour is effectuated by spring means 31. The unit 10' 
is securely disposed in relation to the device 1V. The 
latter is designed with an abutment portion 32 which 
is preferably substantially spherical in the illustrated 
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case. The spherical shape is indicated by reference 
numeral 33. 

In Fig. 3, a blank is indicated by reference numer- 
al 34. The blank, which may be of titanium, cemented 
carbide, alloy, graphite, etc., must be provided with a 5 
contour 3a and 3a' In Figs. 1 and 2 corresponding to 
contour 3a'. The blank 34 is processed or treated with 
a tool 35 which, in the present embodiment, consists 
of a milling cutter. The forward portion 36 of the tool 
has a shape 37 which substantially, preferably exact- 10 
ly, agrees with the shape 33 of the read-off device 32 
according to Fig. 2. The tool/milling cutter is disposed 
in a perse known manner in a spindle and the tool in- 
cludes a tool adjustment control portion 38 which re- 
ceives control signals 114 via the telecommunication 15 
connection 39 (cf. 30 in Fig. 1) and a modem 40 which 
interacts with the modem 29 according to Fig. 1 . Via 
the modem 40, control signals i14' are fed to the con- 
trol portion 38. 

Figs. 4 and 5 show the read-off principle, read-in 20 
and read-out into and from, respectively, the memory 
of a computer of sensed values and entered values V, 
respectively. The model 3"' is rotated about its axis 6' 
and sensing takes place in different angles <p. In the 
example, sensing takes place for each degree, i.e. 25 
360 times per revolution and the read-off angles are 
indicated by 0-360 . The read-off points are symbol- 
ized by reference numeral 41. For each revolution 
(360 ), the model moves in a Z direction in relation to 
the read-off portion 33', 33", these positions each 30 
representing their location in relation to the model 3"'. 
For every revolution that the model rotates, a relative 
movement S (= pitch) between the model and the 
sensing portion in the present embodiment is 0.1 mm. 
(n the table according to Fig. 5, the pitch Z for each 35 
degree <p is 0.1 mm/360. Other pitches S and number 
of sensing points may be employed within broad lim- 
its. 

In the table IS indicates a read-in sequence in the 
memory of the computer and US a read-out sequence 40 
from the memory. V represents read-in/readable val- 
ue for each degree. The values V occur in binary form 
or other suitable form. The sequences IS and US can 
be executed in a per se known manner at different 
speeds. The sequence US is preferably higher than 45 
the sequence IS. 

The sensing surface 33 of the sensing portion 32 
displays a radius R which may lie within the range of 
between 0.5 and 2.0 mm and is preferably 1.0 mm. 
This size of the radius is suitable on production from so 
models which represent a dental implant, bridge, etc. 
The sensing surface 33 is thus selected so as to give 
a reduced sensing degree/resolution in relation to the 
true detailed shape of the contour. 

One method of compressing the entered data 55 
quantity is to approximate a number of points by 
means of a function, e.g. a polynomer of the third de- 
gree (d + C2X + C3X 2 + C4X 3 ). The total computer quan- 



tity is divided into groups. Each such group is approxi- 
mated by a function. So instead of transmitting pure 
measurement data from the read-off unit to a relevant 
factory computer, the coefficients of the function are 
transmitted for each group (C2, C2, C3 and c 4 in the case 
employing a polynomer of each degree). 

Since both functional value (indicator signal) and 
the distance between each read-in is known, i.e. f (x) 
and x in each group when the function is a function 
of a variable, the function may be approximated by 
the least square method. The solution in the sense of 
the least square method to the above equation sys- 
tem Ac = f is given by the solution to the equation sys- 
tem AuTAc = A T f. If Q(x) is the indicator signal at a giv- 
en position and~f(x) is the approximated value at the 
same point, the error can be calculated with error(x) 
= f(x) • Q(x). The number of values included in each 
group to be approximated by a function must be 
adapted such that the error (error(x)) is less than the 
largest permitted error for all values in the group. The 
above mathematical processing is carried out in the 
computer in a per se known manner. 

The present invention should not be considered 
as restricted to that described above and shown on 
the drawings, many modifications being conceivable 
without departing from the spirit and scope of the ap- 
pended Claims. 



Claims 

1 . An apparatus for generating, by means of a sens- 
ing function applied to a contour (3a) of a model 
(3) which may be sensed, preferably a three- 
dimensional model, a representation (i1) usable 
for controlling tool equipment (35) working with a 
high degree of precision for producing a body 
usable in a human being, e.g. a dental implant, 
support member, etc., or a tool part for said body 
characterized In that the representation (i1) 
may be applied to computer equipment (23) 
which generates a signal array (i13) which effec- 
tuates or is included in the control of the tool 
equipment (36); and that the sensing and/or se- 
lection function effectuated by the computer 
equipment of the representation is/are selected 
so as to ensure an order of magnitude of the sig- 
nal array (i13) which satisfies, from the sufficien- 
cy viewpoint, the degree of accuracy with which 
the tool equipment is expected to perform. 

2. The apparatus as claimed in Claim 1 , character- 
ized In that the sensing function operates with a 
first device interactable with the contour; and that 
the device displays, at its part interactable with 
the contour, a first form which substantially cor- 
responds to a second form of a second device in- 
cluded in the tool equipment and which interacts 
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with a part carrying said second form with a 
blank in the production process for the body and 
the tool part respectively, said first and said sec- 
ond forms preferably being substantially spheri- 
cal. 

3. The apparatus as claimed in Claim 1 or 2, char- 
acterized in that the sensing function and the 
processing function of the tool equipment are mu- 
tually substantially co-ordinated. 

4. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that the sens- 
ing function and the processing function of the 
tool equipment operate at different speeds, pre- 
ferably such that the speed of the processing 
function exceeds, for example significantly, the 
speed of the sensing function. 

5. The apparatus as claimed in any of the preceding 
Claims, characterized in that information signif- 
icative of the representation is storable in the 
computer equipment, in a memory associated 
therewith, for example in a magnetic internal (pri- 
mary) memory of the RAM type and/or a second- 
ary memory of the permanent magnet type; and 
that the read-in function of such information is 
separated from its read-out function. 

6. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that the sens- 
ing function is carried out on a model of soft or 
brittle material, e.g. plaster; and that bodies are 
produced by means of the tool equipment com- 
pletely or partly of cemented carbide or ceramics, 
or a tool part for whole or partial production of 
bodies (tool parts) of hard, sof t or brittle material. 

7. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized In that compres- 
sion takes place in the computer equipment of 
first information referable to the representation 
on formation of second information referable to 
the control of the tool equipment, and/or that the 
first and/or the second information may be stor- 
able in storage means, e.g. buffert means, mem- 
ory means, etc., in order to realize a time lag be- 
tween the sensing and/or control functions in re- 
lation to a transmission function, e.g. effectuated 
on a telecommunications medium, of the control 
to the tool equipment 

8. The apparatus as claimed in Claim 9, character- 
ized in that the storage devices store the repre- 
sentations for one or more contours for transmis- 
sion via a telecommunications medium at off-pe- 
ak hours thereon, and that said storage devices 
have a capacity of at feast 2-3 megabit 



9. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that the sens- 
ing function is of the type which senses the con- 
tour during rotation of the model with simultane- 

5 ous mutual relative displacement between the 

model and the sensing device, and/or that the 
sensing takes place a large number of times per 
revolution, e.g. approx 360 times per revolution, 
and that the relative displacement is approx. 0.1 

10 mm/revolution. 

10. The apparatus as claimed in anyone of the pre- 
ceding Claims, characterized in that character- 
istic parts of the representation and/or the control 

15 are selected prior to the transmission on a tele- 
communications medium; and that a replica of 
the control is generated at a reception site with 
the aid of the characteristic parts. 

20 11. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that to the com- 
puter equipment (23) are connected via an inter- 
face (21) comprising programmable input and 
output circuits, which are connectable to a control 

25 unit (14) which in turn is connected to a signal 

generation unit (15) for model movement actuat- 
ing means (7, 9) and to a unit (10, 11) converting 
the shape of the contour (3a) into electrical sig- 
nals (i1). 

30 

12. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that the sens- 
ing surface (33) of the sensing portion (32) dis- 
plays a radius (R) in the range of between 0.5 and 

35 2.0 mm in connection with a model (3) which rep- 
resents a dental implant, bridge; etc. 

13. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that the sens- 

40 ing surface (33) of the sensing portion (32) is se- 
lected so that it gives a reduced sensing de- 
gree/resolution in relation to the true detailed 
form of the contour (3a). 

45 14. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that the read-in 
or read-off data quantity will be compressed by 
means of an approximation of a quantity of read- 
in or read-off points with a function, e.g. a poly- 

50 nomer of the third degree. 

15. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that the read-in 
or read-off data quantity will be divided into 
55 groups; that each respective group is approxi- 
mated with a function; and that the coefficients 
of each respective function are transmitted be- 
tween relevant communication parts, e.g. from 
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the read-off unit to a factory computer, as repre- 
sentation of the pure/total quantity of read-in or 
read-off data. 

1 6. The apparatus as claimed in any one of the pre- 5 
ceding Claims, characterized in that by utilizing 

the knowledge that the value of each respective 
function, i.e. the indicator signal or sensing, and 
each respective distance between each respec- 
tive read-in, is known, each respective function 10 
will be approximated using the least square 
method. 

17. The apparatus as claimed in any one of the pre- 
ceding Claims, characterized in that the error 15 
between the actual indicator signal and each re- 
spective approximated value is calculated, and 

also the number of included values in each re- 
spective group of said groups which is to be ap- 
proximated with a function will be adapted such 20 
thatthe absolute value error is less than the larg- 
est permitted error for all values in the group. 
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